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@ Keyboard. 

® A Minimum Proximal finger key pad for the transfer of in- 
formation to a machine by a human operator, includes: a plural- 
ity of keys to be struck by the fingers of one hand . The position 
of the keys are arrayed roughly in rows and columns, any of 
which may be curved or straight. Four keys ( 1 0) are assigned 
to consecutive positions of one row and are designated to be 
the home positions of the fingers of the one hand. 

Each position immediately adjacent to a home position key in 
either a horizontal, vertical, or diagonal direction is assigned a 
key. The only positions assigned to keys are the four assigned 
to the home keys and positions immediately adjacent to them. 

The array consequently comprises three rows and six 
columns of keys. 
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KEYBOARD 

This invention relates to input keyboards 
for devices capable of processing a combination of 
alphabetic, numeric, punctuational and control 
information and displaying that information 
dynamically in textual form suitable for reading by 
the operator. These devices include and are not 
limited to stand-alone computers, computer terminals, 
word processors, portable computers, mainframe, 
computers, multiuser computers, telecommunications 
terminals and lap-sized computers. 

The standard typewriter keyboard, used in 
countries whose written alphabet is based on that of 
latin, was invented in the late 1860s by Christopher 
Latham Sholes. The design is known as the QWERY 
keyboard layout, after the sequence of characters in 
the upper row of letters. 

Tyberg modified the Qwerty keyboard 
drastically, removing the staggering and arranging 
the keys in straight rows and columns. He split the 
keyboard into left and right halves, and placed the 
mechanical "control" keys in a single central thumb 
key pad located between and partially below the 
finger pads. 

The Qwerty keyboard's problem of anti- 
mnemonic and ergonomically inefficient assignment of 
letters to keys was first addressed by Frank and 
Lilian G-ilbreath, and was overcome satisfactorily in 
the design disclosed by. Dvorak and Dealey. Based on 
the strategy of alternating keystrokes between the 
left and right hands, and on the fact that consonants 
and vowels alternate with high frequency in English, 
it assigns the vowels to the home positions of the 
left hand fingers and the more frequent consonants to 
the right hand home positions. The numerals are also 
arranged on an alternating plan, with the odd ones 
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assigned to the left hand and the even ones to the 
right. 

Einbinder breaks entirely with the Qwerty 
tradition and introduces designs involving the 
assignment of letters to keys struck by all ten 
digits including the thumbs, to which they assign 
multiple letters. These designs constitute 
significant refinements and extensions of Dvorak and 
Dealey's contributions. Like Tyberg, they split the 
keyboard into halves for the left and right hands. 

Malt's stated strategy is to place the' most 
frequent characters on keys operated by the strongest 
fingers and arrange the keys as a totality so that 
the most frequently occurring consecutive characters 
are operated by different fingers. This approach is ; 
finger oriented rather than hand-oriented, as 
Dvorak's is; it still resembles the latter. Like 
Einbinder' s, Halt's design has two separate finger 
key pads and two separate thumb key pads, but the 
keys of each finger key pad are arranged in cavities 
convex in two dimensions, that is, abut two axes. 

The keyboard of IBM 029 keypunch may have 
been the first to overlay the numeric keys over the 
alphabetic keys and to include a numeric shift key. 

The EEC PWP-100 is a keyboard design for 
the Japanese language, intended for word-processing 
use based on Romanji characters. Like Tyberg, it 
splits the keyboard into left and right hand halves. 
In the style of the IBM 029 keypunch, the numerals 
are assigned to a right hand unilaterally balanced 
ten-key numeric keypad overlying the alphabetic fase. 
Rather than dedicating fases to distinct functions, 
this keyboard dedicates a central keypad, to cursor 
motion and command function, and distributes a large 
number of command keys around the periphery of the,. 
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finger keypads. 

The premier need that prior art has not 
addressed is that of transparency. That is, there is 
a need for keyboards which provide the user with 
maximum functional capability while distracting none 
of his attention to themselves. For typewriters, 
which have no cursors, this is not a problem, and 
designs such as the Dvorak and the Einbinder 
keyboards serve this arena well. 

However, it is impossible to operate any 
currently available keyboard which supports 
alphabetic entry, numeric entry, cursor motion entry 
and deletion control entry without having a 
considerable amount of attention on it, that is, on 
the keyboard, the ability to support a broad spectrum 
of tasks transparently is another aspect that has not 
been addressed adequately by prior art. 

All current keyboards have either separate 
cursor or numeric keypads, or have overlaid them on 
the standard staggered Qwerty finger key pads. 
Neither arrangement allows operation of keys in these 
two fases without finger distraction, eye 
distraction, or both. 

The use of (control) key for fase 
selection, struck by the left little finger entails 
the distraction of the little and ring fingers from 
their home positions. 

With the advent of the computer and its 
dynamic, high-resolution character and graphics 
display capability, an opportunity has arisen to 
transcend the limitations of discrete, character- 
oriented input. Current software has been written to 
take advantage of the opportunity, which has been 
primarily oriented to the mouse or the grid. 

These devices are separate from the 



0201294 

K1174 

-4- 

keyboard and their use consequently entails hand and 
eye distraction. No prior art suggests that a central 
touch-sensitive grid he placed between the finger key 
pads to perform continuously variable analog input. 

No prior art is based on the Miniprox 
keypad. No prior art can be mapped onto the Miniprox 
keypad without either violating its own design 
principles or introducing fases which it originally 
has not had.. No prior art is a pure product keyboard. 
No prior art transparently supports a broad spectrum 
of entry tasks. No prior art supports the emulation 
of the majority of pre-existing keyboards. 

No prior art is a Miniprox keyboard. No 
prior art is organized to coherently generate even 
nearly as many characters as the Miniprox keyboard. 
No prior art can coherently generate nearly as many 
fases the Miniprox keyboard. No prior art has 
addressed the problem of intense intrafase 
integration, such as producing fases which exhibit 
predominant or substantial bilateral balance. 

No prior art has addressed the problem of 
interfase integration. No prior art has suggested the 
forefingered space keyboard. No prior art has 
suggested the forefingered cursor/space keyboard. No 
prior art has suggested the integrated forefingered 
cursor/space keyboard. No prior art has proposed the 
bilateral balance of the cursor fase. No prior art 
has proposed the integration of the numeric and 
function key fases. 

The following definitions, examples and 
discussion are presented in order to precisely define 
this invention and to provide a conceptual framework 
on which to base that definition. 
Input Keyboards 

An input keyboard may be defined as an 
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array of keys operated by the digits of the hands to 
select characters and control codes, encode the 
selections, and transmit the encoded selections to a 
machine capable of receiving them. 
Video Display Units 

Dynamic display may be defined as the 
display of a potentially unlimited stream of 
information, such as text and actions based on 
control information, in a visible fashion on a 
finite, pre-bounded medium. This display may include, 
but is not limited to, media such as fluorescent 
screens (cathode ray tubes) and liquid crystal 
displays . 

A video display unit is a dynamic display 
device. The prime example resembles a television set 
on which text is displayed. 
Keys and Keypads 

A key is said to be activated when it is 
stroked, pressed, struck, touched or otherwise 
stimulated in such a way as to cause the keyboard to 
emit an encoded character. These terms will be used 
synonymously. 

A key pad is a set of keys grouped together 
is some fashion. The following definitions contain 
several distinctions which can be made about keypads. 
In addition, they contain several related distinction 
converning fonts and cases of characters. 

Virtual key pads are abstract arrangements 
of keys considered not from the point of view of 
physical layout or function, but considered only from 
the following points of view: 

- the assignment of one- or two-dimensional 
integer coordinates to the keys 

- which digits of the hands can press the 
keys. This disclosure is concerned solely 'with 
designs in which each key is activated by only one 
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digit. 

Mathematically, a virtual key mapping is 
many-to one mapping from a set of keys, represented 
"by coordinates, to a subset of the digits of the 
hands. Specifically, it is the mapping which takes 
specific keys to the digits which can activate them. 

Since the keys of a virtual key pad are in 
one-to one correspondence with their ciirdinates, 
this disclosure treats the keys and coordinates as 
equivalent and speaks of them interchangeably. These 
are called virtual keys. 

The digits of the human hand, which are 
themselves abstractions, may be put in one-to-one 
correspondence with any set of abstract objects such 
as integers or symbols. Digits so represented are 
called virtual digits, and this disclosure treats 
them as equivalent to those of the hand. 

A virtual row of a virtual finger key pad 
is a subset of virtual keys of that pad having the 
same first coordinate. A virtual column is a subset 
having the same second coordinate. 

Dedicated key pads are key pads each of 
whose key has a single function and which emits codes 
of a single type when pressed. Dedicated key pads 
cannot be overlapped, and are to be contrasted with 
overlapped key pads. 
Characters, Pases and Character Sets 

Characters are symbols or codes for 
symbols. They may or may not be displayable or 
printable. In this disclosure, the term "displayable ,, 
will be used to include "printable" when appropriate. 
Characters may be represented by integers or 
equivalently by unique representations of integers. 
An example of a method of representing integers, and 
hence characters, is the storage of bit patterns in 
word processing machines. 
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Displayable, or printable characters 
represent symbols which can be printed or displayed. 
This presupposes conventions which the display -device 
or printer obeys. Examples of displabyable • characters 
5 include the letters of an alphabet, the numerals, 

punctuation marks, mathematical symbols, and graphics 
symbols. 

ITon-displayable, or non-printable 
characters are codes which the display device or 

10 printer interprets as commands to perform actions 
other than displaying a symbol, or which carry 
information not intended to be displayed. Examples 
include cursor movement commands, function key codes, 
commands to make audible sounds, and the end-of-file 

15 mark. 

A fase is a coherent and interralted set of 
symbols; the word "fase" is an amalgamation of the 
words "font" and "case". Examples include: 

- the set of letters of an alphabet 
2° - the set of lower case letters of an 

alphabet 

- the set of upper case letters of an 

alphabet 

- the set of puncutation marks associated 
25 with an alphabet 

- the set of numerals, mathematical 
operators, and mathematical punctuation marks 

- the set of graphics characters 
displayable by a particular display device 

3° - the set of cursor control commands Which 

a particular display device will response to 

- the set of function key codes 

- the set of miscellaneous characters which 
do not fit conveniently into another fase (here, the 

35 interrelation involves not fitting into any other 
fase) . 
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llote that fases need not "be mutually exclusive; they 
may have characters in common. 

The precise extent of a particular fase is 
merely a convention, "best represented as a list. 
Different physical keyboards/displays may have 
corresponding fases which are identical, which differ 
superficially, or which differ substantially. For a 
given keyboard/display, the fases taken as a whole 
define the set of displayable characters and 
commands . 

For the purpose of this disclosure, the 
space character is included in the lower case 
alphabet, in the upper case alphabet, and as a 
punctuation character. 

A fase enumeration is a one-to-one 
correspondence between the symbols of a fase and a 
set of positive integers, the one-to-one 
correspondence allows the symbols and integers to be 
used interchangeably. This disclosure will do so when 
appropriate. 

Fase Key Pads and Fase Selection Key Pads 

A fase key pad is the set of keys of a 
virtual finger key pad corresponding to part of a 
given fase, taken in conjunction with the fase state, 
the fase state is a particular state of the keyboard, 
or of the device which is receiving the characters, 
which selects the corresponding fase the virtual keys 
currently represent. A fase may be distributed over 
several virtual key pads. 

For example, in a standard QWERTY keyboard, 
the lower case letters consitute one fase while the 
upper case letters constitute a separator fase. 

A split fase key pad is a fase key pad in 
which the virtual key pad has been split into left- 
hand and right-hand halves. In this disclosure, the 
virtual coordinate systems for the two key pads will 
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be handled symmetrically, and the column coordinates 
will be ordered pairs whose first coordinate 
identifies the hand and whose second coordinate 
identifies the column within the hand. Figure 1, 
5 Split Fase Key Pad Co-ordinate Systems, illustrates 
this. 

Fase key pads can overlap, and it is this 
fact which requires that the fase state be taken into 
account. That is, a given virtual finger key can 

10 represent several different characters from different 
fases at different points in time. The fase state is 
what allows the different characters to be 
distinguished. Depending on the coventions set up by 
the keyboard designer, the fase state is determined 

15 either by the combination of virtual thumb keys being 
pressed at the time of a particular key stroke, or by 
the last combination of virtual thumb keys pressed 
before that key stroke. It is possible, though 
usually awkward, to mix these two conventions. 

20 Code-generation keys are virtual keys which 

cause the keyboard to generate the code for a 
character when they are pressed, either separately or 
in conjunction with a fase selection. The virtual 
keys of a virtual finger key pad are for the most 

25 part best utilized as code-generation keys. 

Fase selection keys are keys which when 
pressed separately or in combination select or 
establish the fase which the code-generation keys of 
a virtual key pad represent. As just indicated, the 

30 invention disclosed herein uses virtual thumb' keys 

for fase selection keys. (There is one exception: the 
(alt), (ctrl) and (esc) finger keys of the QWERTY 
emulation may be interpreted to be fase selection 
keys by some software). 

55 The term "shift key" will be used in this' 
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disclosure as synonymous with "fase selection key" . 

A fase selection keypad is a one- 
dimensional array of fase selection keys. 

Mathematically, a fase key pad corresponds 
to the set of all ordered pairs whose first 
coordinate is a fase state and whose second 
coordinate is a virtual finger key. This is 
equivalent to an ordered triple whose first 
coordinate is the fase state, whose second coordinate 
is the first coordinate of the virtual key and whose 
third coordinate is the second coordinate of the 
virtual key. that is, The ordered pair 
^fs, <c1, o2$? is equivalent to the ordered triple 
^fs, d , c2>. So a fase key pad can he mathematically 
descrihed as heing the set of all such ordered 
triples. 

A fase key is such a triple, that is, an 
element of a fase key pad. Equivalently, it is an 
ordered pair of a fase state and a virtual finger 
key. A fase key pad mapping, or fase mapping for 
short, is a mapping taking a subset of a fase key pad 
to a character set. 

Virtual Keyboards and Product Keyboards 

A virtual keyboard is a collection of fase 

mappings . 

Product keyboards are keyboards which use 
fase selection keys to determine the fase states and 
hence the fases of the code-generation keys. Their 
name derives from the number of characters which can 
he encoded by such a method, which is the product of 
the number of fase states and the number of non-fase 
selection keys. Product keyboards have the property 
that a great many characters can be encoded with 
very few keys. 

A pure product keyboard is one in which the 



0201294 

K1174 

-11- 

oodes generated by every code generating key depend 
on the fase state in effect at the time the key is 
pressed . 

Home Position and Proximal Keyboards 
5 Experience has shown that the most 

efficient keyboards assign a home position to the 
four fingers of each hand, and assign the most 
frequently struck characters to the virtual keys 
occupying the home positions. Since the tips of the 

10 fingers of a relaxed human hand form a roughly 

straight or slightly curved line, these correspond to 
four consecutive keys of the home row of the 
corresponding virtual finger key pad. 

A home position proximal keyboard, or 

15 proximal keyboard for short, is one whose virtual 

finger key pads contain a virtual key next to each of 
the four home position keys, both immediately above 
and below, immediately to the left and to the right, 
and at each of the four adjacent diagonal positions. 

20 The virtual finger key pads of a proximal keyboard 
are called proximal keypads. 

In other words, a proximal keypad must 
contain, in addition to the four home position keys: 

- one key on the home row adjacent to the 
25 little finger key 

- one key on the home row adjacent to the 
index finger key, yielding a minimum total of six 
keys on the home row 

- six keys on the row above the home row 
30 - six keys on the row below the home row 

Every proximal keypad must have at least 
three rows of six keys, forming a 3x6 keypad. 

The border keys of a proximal keypad are 
defined to be the fourteen keys other than the home 
35 position keys. 
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Xhe miniproz keypad is defined herein to be 
the minimum proximal keypad, which is necessarily a 
3x6 virtual keypad. It contains the home position 
keys, the border keys, and no others. It has the 
property that every finger strokes only keys in home 
position or immediately adjacent to it. 

A miniprox keyboard is one having a 
miniprox keypad for each hand, and having for each 
thumb a fase selection keypad with at least two fase 
keys. Fase selection keypads with up to five keys 
are feasible. 

For both hands, the outer border column of 
a miniprox keyboard is column 0; column 1 is the home 
column for the little finger; column 2 is the home 
column for the ring finger; column 3 is the home 
colun for the middle finger; column 4 iB the home 
column for the forefinger; and column 5 is the inner 
border column. 

Two virtual columns of a miniprox keyboard 
are symmetric whenever they have the same column 
number and are on opposite hands. 

The choice virtual finger keys of a 
miniprox keyboard are ranked in the following 

priority: the choicest keys are the home position 
keys, the next most choice keys are the keys of the 

inner column, which can be struck by the index 

finger, and the next most choice keys are the keys in 

the row Above and three middle home position keys. 

Thus there are ten choice keys. 

Forefingered Keyboard 

A forefingered space keyboard is defined 

herein to be a virtual keyboard in which the space 

key is assigned to the home position of either of the 

forefingers on any fase key pad. 

A forefingered cursor keyboard is defined 

herein to be a virtual keyboard in which any cursor 
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control key is assigned to the home position of 
either of the forefingers on any fase key pad. 

A forefingered cursor/space keyboard is 
defined to "be a forefingered cursor keyboard which is 
also a forefingered space keyboard. 

An integrated forefingered cursor/space 
keyboard is defined to be one in which the home 
position key for the left forefinger is assigned to 
the space character for both the lower case and upper 
case alphabetic fases, and is also assigned to the 
cursor-left-one-character cursor control key in the 
cursor control fase. 
Balance 

A pair of characters is an unordered set of 
two characters which complement each other in some 
fashion. Unquoted examples include: 
( ) 
< > 

r i 

• 4 
» " 

(up-arrow) and (down-arrow) 
(left-arrow) and (right-arrow). 

Pairs of characters should be assigned to 
the same fase unless there is a very good reason for 
not doing so. This allows the design of the fase to 
be balanced. 

Two virtual finger columns of a miniprox 
keyboard are defined to be bilaterally symmetric if 
they are the columns assigned to the home positions 
of corresponding left and right hand virtual fingers, 
or if they are assigned to border columns adjacent to 
corresponding left and right hand virtual keys. This 
is equivalent to the definition for virtual column 
given earlier; the terms will be used 
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interchangeably . 

Two virtual finger keys of a miniprox 
keyboard are defined to "be in bilateral "balance 
if they are in the same virtual row and in 
bilaterally symmetric columns. 

A pair of characters is said to "be 
bilaterally balanced if they are assigned to virtual 
finger keys in bilateral balance, that is, to 
symmetric virtual columns of the same virtual rows. 
Thus they will occupy positions symmetric with 
respect to the center of the keyboard. 

For example, the left parenthesis might be 
placed at the left little finger home position and 
the right parenthesis might be placed at the home 
position for the right little finger, both in the 
lower case alphabetic fase. Then they would be 
bilaterally balanced. 

A bilaterally balanced fase key pad is one 
in which a substantial portion of the character pairs 
are in bilateral balance. 

Two virtual columns of a miniprox keyboard 
are defined to be in unilateral horizontal symmetry 
if they are symmetric about the middle finger column, 
column 3. Thus the ring finger and forefinger 
columns, columns 2 and 4, are in unilateral 
horizontal balance, as are the little finger and 
inner border columns, columns 1 and 5. The middle 
finger column, column 3, is defined to be 
unilaterally horizontally symmetric with itself. 

Two virtual "finger keys are said to be in 
unilateral horizonal balance if they are in the same 
virtual row of the same hand and are situated in 
virtual columns symmetric about the column for the 
home position for the middle finger. 

Two virtual finger keys are said to be in 
unilateral vertical balance if they are in the same 
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virtual column of the same hand and are situated one 
in the virtual row above the home row and the other 
in the row below. 

Two virtual finger keys are said to be in 
unilateral balance if they are in either unilateral 
horizontal balance or in unilateral vertical 
balance . 

A pair of characters is said to be 
unilaterally balanced if they belong to the same fase 
and are assigned to virtual finger keys which are in 
unilateral balance. 

For example, if the left and right 
parentheses were assigned to the home positions for 
the ring and forefingers of the right hand on the 
numeric fase, respectively, they would be 
unilaterally balanced. 

A unilaterally balanced fase key pad is one 
in which a substantial portion of the character pairs 
are in unilateral balance. 
Integration of Fases 

A crucial aspect of the art of keyboard 
design, heretofore ignored, lies in integrating the 
assignment of characters to fase key pads in such a 
way as to optimize several potentially conflicting 
goals : 

- grouping the characters belonging to one 
fase in the same fase key pad 

- grouping the characters belonging to 
related fases to the same fase key pad, that is, 
amalgamating the fases 

- choosing between unilateral and bilateral 
balance as the design constraint for a given fase 

- balancing pairs of characters within a 
fase or within an amalgamated fase. 

An intergrated fase keyboard is a product 
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keyboard in which the overlapped fases have "been 
integrated so that they work well together. When 
designed properly, a pronounced synergistic 
efficiency will he produced. One of the ways this can 
show up is as a reduced mental burden associated with 
switching from fase to fase. 

Polyfase conflict, or clash, is the 
assignment of identical, similar or related 
characters to different virtual keys. An example 
would he assignments of the alphabetic 'period' and 
the numeric 'decimal point' to different virtual 
finger keys of the QWERTY emulation of this 
disclosure. 

Two fases of a keyboard are said to be 
integrated to the extent that they avoid clashes. 

Intrafase integration is the avoidance of 
clashes of characters within a fase. Interfase 
integration is the avoidance of clashes in the 
assignments of characters of different fases. 
Keyboard Transparency 

A tool is said to be transparent to the 
extent that the user can operate it without having 
any attention on it. 

Transparent design is the art of design of 
tools which do not distract the user from his initial 
purpose. 

Conscious attention is the diversion of the 
mental faculties or senses to tasks which cannot be 
performed automatically,, hut require some form of 
thought, recollection, association or reasoning 
power, or some form of aware sensation. 

Unconscious attention is the diversion of 
the mental faculties or the senses in a way which 
requires no strenuous thought, recollection, 
association or reasoning power and no aware sensation 
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but can be performed more or less automatically. 

Gross hand motion is motion of one or both 
hands to or from home position for the fingers, or 
motion of the hand as a whole while away from home 
position. 

Eye distraction is the phenomenon that 
occurs as a result of the user having to move his 
hands from home position and then return them. It is 
necessary that he use his eyes at the end of each 
move to make sure that his fingers are placed on the 
keys he intends to press without pressing any keys he 
doesn't. 

Finger distraction is the effect caused 
when a key must he struck far from the home position 
of the finger which must strike it, so that some of 
the other fingers of that hand must he pulled off 
their home positions. 

The product keyboards minimize those 
features which force the operator to divert his or 
her attention from his primary task onto the 
keyboard. Concurrently, they still allow high ease of 
use and high speed of entry in several conflicting 
varieties of tasks in the entry process. 
Specifically, the product keyboards are designed to 
facilitate an arbitrary mix of a diverse range of 
tasks including but not limited to composition and 
editing of alphabetic and alphanumeric text, graphic 
layout of alphabetic and alphanumeric text, entry of 
alphabetic and alphanumeric text, and the operation 
of new and pre-existing canned software. 

The task of supporting pre-existing 
software entails providing replacements for the keys 
needed by the vast diversity of software optimized to 
interface with a multitude of specific pre-existing 
keyboards. Each product keyboard allows the emulation 
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of many pre-existing keyboards in a relatively 
uniform and easy-to-learn fashion. Finally, the 
product keyboards maximize ease of associative 
learning by grouping the characters and control codes 
5 into related groups. 

The miniprox keyboards are a subclass of 
the product keyboards which eliminate all motion of 
the fingers across intervening rows, with the 
exception of motion across the home position row, 

10 which can be nearly eliminated by subsequent proper 
key placement. 

It is a principal object of this invention 
to disclose a class of keyboards, each of which 
allows the operator to easily perform a mixture of 

15 tasks in rapid succession without diverting his 

attention to itself, while concurrently facilitating 
maximal speed and ease of performance of each of the 
separate tasks. 

It is a principal object of this invention 

20 to disclose specific virtual keyboard designs which 
provide the user with an ergonomically transparent 
interface to other equipment and which do not divert 
the attention of the user onto themselves. A related 
object is to disclose keyboard designs which do not 

25 force the user to displace his fingers more than one 
key from their home positions, and which consequently 
do not force him to divert his eyes to the keyboard. 

An auxiliary object of this invention is to 
disclose the method of selecting groups of related 

30 characters or codes for entry by the fingers through 
the use of combinations of shift keys to be 
controlled by the thumbs of either or both hands; a 
related object is to disclose the method of using the 
thumbs to select one of several characters to be 

35 entered when a finger key is to be struck. 
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Another principal object is to disclose the 
unique arrangement of finger keys into two virtual 
pads, one for each hand, in such a way as to provide 
the maximum number of keys adjacent vertically, 
horizontally and diagonally to the four home position 
keys for the fingers of each hand, and to provide no 
other finger keys; a related object is to disclose 
the unique arrangement of the finger keys into two 
virtual pads, one for each hand, in such a way that 
no finger need move further than one position 
vertically, horizontally or diagonally from its home 
position key. 

Another object of this invention is to 
specify groups of related characters and control 
codes. A related object is to specify the virtual 
arrangement on the finger key pads of the codes and 
characters within each of these groups. An auxiliary 
object is to specify the arrangements of the codes 
and characters within each group on the finger key 
pads so to fit in with the arrangement of related 
codes and characters within other groups on the 
finger key pads. 

Another object is to facilitate associative 
learning of the keyboard by specifying related groups 
of characters and control codes. Another object is to 
facilitate associative learning of the keyboard by 
specifying the virtual arrangement on the finger key 
pads of the codes and characters within each group. 
Another object is to facilitate associative learning 
of the keyboard by coordinating the several virtual 
arrangements of the groups into a unified whole. 

A related object is to provide a design so 
that the keytop labels of any physical implementation 
of the keyboard can give a clear and coherent 
indicatation of the structure of the aforementioned 
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arrangements ; that is, the lahels should convey the 
underlying unity and simplicity of the design so that 
it can he easily figured out be studying them and 
easily learned on th basis of the revealed 
organization. Another object is to indicate several 
cursor motion control keypad layouts, several numeric 
keypad layouts, and a method of integrating function 
keypads with numeric keypads as overlays of the 
corresponding numerals. 

Another object is to disclose a keyboard 
that maximizes the composite entry rate over a broad 
spectrum of tasks, including text entry, numeric 
entry, command entry and cursor motion control, and 
do so in such a fashion that the entry rate of each 
of the specialized tasks suffers little or not at all 
in comparison to designs made under the goals of 
optimizing them individually. 

Another object of this invention is to 
facilitate the entry of analog motion and position 
information in a fashion which does not disrupt the 
user's kinesthetic memory of the home finger 
positions, so that the user can interrupt text entry, 
perform the analog input, and return his hands to 
home position without diverting his eyes to the 
keyboard. 

Another object is to disclose designs which 
emulate existing QWERTY computer keyboards on the 
basis of the virtual miniprox keyboard, and which 
include key pads for the entry of text, numeric, 
function and cursor movement characters and codes. 

Another object is to disclose the design of 
an optimal virtual miniprox keyboard based on the 
Dvorak-Dealey keyboard which includes key pads for 
the entry of text, numeric, function and cursor 
movement characters and codes. 
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A key board embodying the invention will 
now be described by way of example with reference to 
the accompanying diagrammatic drawings in which: 

Figure 1 is a conceptual top view of the 
Miniprox keyboard which includes the finger key pads, 
the thumb key pads, and, since the Miniprox keyboard 
is a virtual keyboard, coordinate systems for each; 

Figure 2 is a schematic diagram depicting 
the assignments of the virtual digits to the virtual 
keys of the Miniprox keyboard; 

Figure 3 is a top view of a typicl physical 
implementation of the Miniprox keyboard with central 
touch - sensitive grid for the input of continuously 
variable analog information and an emulation mode 
selection switch, the latter illustratively depicted 
as allowing for the selection of Qwerty, Exemplary 
and Dvorak-Dealey emulation modes; 

Figure 4 is a top view of a unilaterally 
balanced, full QWERTY emulation on a Miniprox 
keyboard, including the alphabetic, cursor, numeric 
and function fases; and 

Figure 5 is a top view of a Bilaterally 
Balanced, Fully Integrated Dvorak Emulation on a 
Miniprox keyboard, including the two alphabetic 
fases, and the numeric, function, deletion, and 
complementary cursor and command fases. 
The Miniprox Coordinate System 

Figure 1 shows a "top view" of the 
(virtual) miniprox coordinate system, and indicates 
the rough relative positions the keys in the three 
rows and six columns of any physical implementation 
will hold. 

The three rows of the miniprox finger key 
pads are labelled «H', 'A* and 'B' for the Home row, 
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the row Above and the home row and the row Below the 
home row. The rows are sometimes referred to in this 
document as the Home row, the Above row and the Below 
row. In any physical implementation of a Miniprox 
keyboard, the Below row should lie closest to the 
user and the Above row should lie farthest from the 
user. 

Ihe home position keys of each of the four 
fingers of each hand occupy the four middle columns 
of the Home row. 

For both hands, the six columns are 
labelled on the basis of the positions of the home 
positions of the fingers. Column 1 contains the home 
position of the little finger; Column 2 contains the 
home position of the ring finger; Column 5 contains 
the home position of the middle finger and column 4 
contains the home position of the index finger (or 
forefinger). Column 0 is the outer border column; in 
any physical implementation it will be the column 
farthest from the center of the keyboard. Column 5 is 
the inner border column, and in any physical 
implementation it will be the column closest to the 
finger key pad for the opposite hand. 

In order to uniquely specify the virtual 
coordinates of a virtual key, it is necessary and 
sufficient to specify the row (A, H or B) , the column 
(0,1,2,3,4 or 5) and the hand (I or H) . For instance, 
the home position for the left index finger is at 
IH4, and that of the right little finger is at RH1 . 
The upper left hand corner of the right finger pad is 
at RA5 and the lower right hand corner of the right 
finger pad is at KBO. The respective keys are denoted 
/RA5J and fRBOj. 

The thumb keys are assigned coordinates as 
if they constituted a separate column, the 'T' 
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column, having a Home key, an Above key and a Below 
key. Thus the home position left thumb key is at 1HT, 
and the key itself is denoted £"LHTj. 
The Central Touch-Sensititve Pad 
5 In addition to the disclosure of the two 

keyboards, a stated object of this invention is to 
facilitate the entry of analog motion and position 
information in a fashion which does not disrupt the 
user's kinesthetic memory of the home finger 
10 positions, so that the user can interrupt text entry, 
perform the analog input, and return his hands to 
home position without diverting his eyes to the 
keyboard. 

This can be done, either as a standard 
15 component of any split fase key pad keyboard, or as 
an optional capability, by the inclusion of a touch- 
sensitive pad filling the space between the finger 
pads and above, but close to, the thumb pads. 

The user enters analog information into the 
20 computer in one of two forms: position information or 
motion information. Position information is entered 
by touching a particular spot or position of the 
surface with the tip of either index finger, or both 
tips. Motion information is entered by moving the 
25 tips of one or both fingers across the surface of the 
pad. 

The user naturally establishes a base 
position for each thumb on the base of the keyboard 
next to the home position key for that thumb. The 
30 displacement of the base position from the home 

position key is so slight that he can move the thumb 
back and forth between them with no mental effort, 
attention or disorientation. 

During the use of the pad, he achieves 
35 kinesthetic memory of the home position keys by the 
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kinesthetic sense of their relative positions from 
the "base position. This is all natural and 
transparent. With his thumb resting on the base 
position, he stretches the tip of either index finger 
over to touch the surface of the touch sensitive 
pad. 

Restoration of the fingers to home position 
is accomplished by relaxing the stretched hand. The 
thumb can easily find its home position. 

Since only one fingertip is required to 
touch the pad, the other hand can remain on its 
finger pad, keying information in at the same time. 

The two virtual product keyboards 
implementable by the keyboard of Figure 3 
collectively meet the objects outlined In the Summary 
of the invention, and individually they meet the 
overwhelming majority of objects. 
Central Touch Sensitive grid 

A central touch sensitive grid 87 is 
provided as a separate feature of the invention from 
the keyboards. 
Miniprox Keyboard 

The virtual Miniprox keyboard is one of the 
outstanding features of this invention, and has the 
original and unique configuration of two separate 
finger key pads as shown in Figure 1 , each arranged 
as three rows, 1,2,3 of six columns 4,5,6,7,8 and 9. 
The thumb key pads for its preferred embodiment have 
three keys each. 

Each of the product keyboards is a Miniprox 
implementation. The virtual fingers are assigned to 
the virtual keys of the Miniprox keyboard as shown in 
Figure 2. The fingers of each hand are assigned home 
positions on the home position keys of ech hand 10, 
1 1 . Each of the left hand fingers is assigned a set 
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of virtual keys to strike as outlined in the drawing: 
the little finger 12, the ring finger 13, the middle 
finger 14, and the forefinger 15. Similarly for the 
right hand fingers: forefinger 18, middle finger 19, 
ring finger 20 and little finger 21. 

The left thumb position is the middle key 
22 of the left thumb pad 16, and similarly for the 
right thumb home position 23 of the right thumb pad 
17. 

Qverty Emulation 

Fase selection and the assignments of 
characters to virtual keys for the Qverty emulation 
are shown in Figure 4. The fshiftj fase selection key 
is assigned to /"LHTj . The TspaceJ code generation 
key is assigned to AhtJ. The £nevlinej code 
generation key is assigned to ^RHoJ. 

The t escj code generation key is assigned 
to £laoJ. The ZctrlJ code generation key is assigned 
to £lH0j. The ^alij code generation key is assigned 

to £lboJ . 

The£~fnctJ fase selection key is assigned 
to [LATj; it establishes the cursor fase for the left 
hand and the function fase for the right. The 

£helete} fase selection key is assigned to2~RATj. The 
£pnctj fase selection key is assigned to £LBtJ. The 

£numj fase selection key is assigned to £rbtJJ. 
Descriptions of the Qverty Fase Mappings 

The Qverty emulation has seven fases, and 
each is precisely defined by a table giving the 
virtual coordinates of the characters of the fase, in 
conjunction vith an indication of the combination of 
fase keys that establishes it. 

Table 1 defines the key assignments of the 
unshifted fase. 

Table 2 defines the key assignments of the 
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shifted fase. 

Table 3 defines the key assignments of the 
function fase. 

Table 4 defines the key assignments of the 
numeric fase. 

Table 5 defines the key assignments of the 
cursor fase. 

Table 6 defines the key assignments of the 
deletion fase. 

Table 7 defines the key assignments of the 
punctuation fase. 

Table 1 . Qwerty unshifted alphabetic fase: 

established by pressing no fase selection 

key 

left hand: 



LO 


L1 


L2 


13 


14 


15 


Above Esc 


<L 


V 


e 


r 


t 


Home Ctrl 


a 


s 


d 


f 


g 


Below Alt 


\ 


z 


X 


c 


V 


right hand: 












R5 


R4 


R3 


R2 


R1 


RO 


Above y 


u 


i 


0 


P 


n 


Home h 


3 


k 


1 


r 


newline 


Below n 


m 


> 


• 


b 





£space] is assigned to £rHt!J. 
Table 2. Qwerty shifted alphabetic fase: 

established by pressing £shift3 key at 

£lhtJ. 

left hand: 





LO 


L1 


L2 


13 


14 


15 


Above 


Esc 


Q 


¥ 


E 


R 


T 


Home 


Ctrl 


A 


S 


D 


P 


Gr 


Below 


Alt 


1 


Z 


X 


C 


V 



I 
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right hand: 












R5 


R4 


R3 


R2 


R1 


RO 


Above I 


U 


I 


0 


P 


it 


Home H 


J 


K 


L 


• 


newline 


Below ST 


M 


» 


• 


B 


A/ 



£spacep is assigned to £~RHTj 
Table 3. Qwerty function fase; 

established by pressing £fncl£J key at £latJ. 
left hand: 



10 


L1 


L2 


13 


14 


L5 


Above Esc 












Home Ctrl 












Below Alt 












right hand: 












R5 


R4 


R3 


R2 


R1 


RO 


Above 


17 


P8 


P9 






Home 


P4 


P5 


P6 






Below PO 


F1 


P2 


F3 






Table 4. Qwerty numeric fase: 








established 


by pressing /numj key at £rbt7. 


left hand: 












LO 


L1 


L2 


L3 


L4 


15 


Above Esc 












Home Ctrl 












Below Alt 












right hand: 














R4 


R3 


R2 


R1 


RO 


Above + 


7 


8 


9 






Home 


4 


5 


6 


■ 


enter 


Below 0 


1 


2 


3 


/ 


* 
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Table 5* Qwerty cursor fase: 

established by pressing £fnct"]key at £LAT3- 

left hand ; 

L1 12 13 14 15 

Del Home UpArw PgUp Ins 
RWrd RCol ICol l¥rd 

TabL End DnArw PgDn TabR 
right hand ; 

R5 R4 R3 R2 R1 RO 

Above 

Home 

Below 

Table 6. Qwerty deletion fase: 

established by pressing £deleteU key at 

£RAll. 

left hand: 



Above 

Home 

Below 



10 
Esc 
Ctrl 
Alt 



Above 
Home 
Below 



10 
Esc 
Ctrl 
Alt 



11 



12 



13 
UArrw 



14 



15 



RVrd RChr 



LChr IWrd 



DArrw 

right hand : 

R5 R4 R3 R2 R1 RO 

Above 

Home 

Below 

Table 7. Qwerty puncutntion fase: 

established by pressing ^pnctj key at £LbtJ, 
Left hand: 





10 


11 


12 


13 


14 15 


Above 


Esc 


; 






$ 56 


Home 


Ctrl 


r 


( 


it 


) 3 


Below 


Alt 


€ 


< 


> 


> > 
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right hand ; 

R5 R 4 R3 R2 R1 ro 
At0ve & NmLk ScLk 

H ° me - bks P ! : CpLk newline 

PrtSc 



Below Break 

f t r 



The Dvorak Emulation Keyboard 

The assignments of characters to virtual 
keys for the Dvorak emulation keyboard, as well as 
the assignments of fase selection keys to virtual 
keys are shown in Figure 5. 

For the Dvorak emulation keyboard, the 
fases are established as follows: the unshifted 
alphabetic fase by default (pressing no thumb key), 
the shifted alphabetic fase by pressing LHT , the 
numeric fase by pressing fRHl], the function fase by 
pressing £f nc t] at^BTj, the deletion pressing 
^cursorj.at flAl], and the command fase by presS i ng 
fcmnd^ at RAT . 

Descriptions of the Dvo rak Emulation Fase Mappings 

Table 8 defines the key assignments of the 
unshifted alphabetic fase. 

Table 9 defines the key assignments of the 
shifted alphabetic fase. 

Table 10 defines the key assignments of the 
numeric fase. 

Table 11 defines the key assignments of the 
function fase. 

Table 12 defines the key assignments of the 
numeric fase. 

Table 13 defines the key assignments of the 
deletion fase. 

Table 1 4 defines the key assignments of the 
cursor fase. 

Table 15 defines the key assignments of the 
command fase. 
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Table 8. Dvorak emulation unshifted alphabetic fase: 
established by pressing no fase selection 

key 

left hand: 



LO 


L1 


12 


L3 


L4 


L5 


Above ? 


j 


» 


• 


P 


y 


Home u 


a 


0 


e 


space 


i 


Below : 


» 


q. 


3 


k 


X 


right hand: 












R5 


R4 


R3 


R2 


R1 


RO 


Above f 


g 


c 


r 


1 




Home d 


h 


t 


n 


s 


newline 


Below b 


m 


w 


V 


z 


« 
f 



Table 9. Dvorak emulation shifted alphabetic fase: 
established by pressing {shift} at £"LHtJ . 
left hand: 





LO 


L1 


L2 


L3 


14 


Above 


? 


A 


» 


• 


P 


Home 


U 


A 


0 


E 


spt 


Below 


■ 
• 


it 


Q 


J 


K 


right 


hand: 












R5 


R4 


R3 


R2 


R1 


Above 


F 


Gr 


G 


E 


L 


Home 


D 


H 


I 


I 


S 


Below 


B 


H 


¥ 


Y 


Z 



L5 
I 
I 
X 

RO 

newline 



Table 10. Dvorak emulation numeric fase: 

established by pressing £humj at £eHtJ . 
left hand : 

LO L1 L2 L3 14 L5 

Above & ! " , • 8 * 

Home I 6 4 2 0 + 

Below : £ C ^ ( / 



right hand : 
R5 

Above / 
Home 

Below = 
.ble 1 1 . Dvors 
left hand : 
10 

Above 

Home 

Below 

right hand : 
R5 

Above 

Home 

Below 
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11 
P6 



R4 
F9 

PI 



L2 

R3 
P3 



L3 
P2 

R2 
P5 



left hand: 






10 


11 


12 


Above 






Home 


6 


4 


Below 






right hand: 






R5 


R4 


R3 


Above 


9 




Home 


1 


3 


Below 






Table 13. Dvorak deletion faa^r 


left hand: 






10 


11 


12 



13 
2 

R2 
5 



0201294 

K1174 



R4 


R3 


R2 


R1 


R0 


9 


$ 


ft 


<S> 




1 


3 


5 


7 


enter 


) 


> 


J 


i 


• 

» 



Above 

Home 

Below 



14 
P8 
P10 



R1 
P7 



14 

8 

0 



R1 

7 



13 L4 
DTabR DVrdR DBoLn DChrR 



L5 



RO 



15 



RO 

enter 



15 

DEoPg 
DEoDc 
DPrgR 
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right hand ; 

R5 R4 R3 R2 R1 RO 
Above DBoPg 

Home DBoDc DChrL DBoLn DWrdl DTabL 
Below DPrgL 
Table 14. Dvorak cursor fase; 
left hand ; 

10 11 L2 L3 14 L5 

Above EoDc DnPg 

Home RTab R¥rd DnLn RCol EoSn 

Below EoPr S 
right hand ; 

r 5 R4 R3 R2 R1 RO 

Above UpPg BoDc 
Home BoSn LCol UpLn LWrd LTab 
Below BoPrg 
Table 15. Dvorak command fase; 
left hand ; 

LO 11 L2 L3 14 15 

Above help move find . ins 

Home undo 

Below pause copy bfn get nxt 
right hand ; 

R5 R4 R3 R2 R1 RO 
Above cmnd rplc xref brk 

Home 



redo 



Below prev put end mark rsm 
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CLAIH3 

1 • Ar * input product keyboard for the transfer 

of information to a machine hy a human operator, 
comprising: 

keys to be struck by the fingers of the 

hands; 

at least two keys to be struck by the 

thumbs; 

wherein the set of characters and codes 
regenerated by all the keys struck by the fingers are 
determined by the combination of keys pressed by the 
thumbs . 

2< A Minimum Proximal finger key pad for the 

transfer of information to a machine by a human 
operator, comprising: a plurality of keys to be 
struck by the fingers of one hand; 

wherein the positions of the keys are 
arrayed roughly in rows and columns, any of which may 
be curved or straight; 

wherein four keys are assigned to 
consecutive positions of one row and are designated 
to be the home positions of the fingers of the hand; 

wherein each position immediately adjacent 
to a home position key in either a horizontal, 
vertical, or diagonal direction is assigned a key; 

wherein the only positions assigned to 
keys are the four assigned to the home keys and 
positions immediately adjacent to them; and 

wherein the array consequently comprises 
three rows and six columns of keys. 
5- The Minimum Proximal keyboard, a virtual 

input product keyboard for the transfer of 
information to a machine by a human operator, 
comprising: 

a finger key pad as in Claim 2 to be struck 



•i 
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Tay the fingers of the left hand; a finger key pad as 
in Claim 2 to be struck by the fingers of the right 
hand; a linear array of at least two keys to be 
struck by the left thumb; and a linear array of at 
least two keys to be struck by the right thumb; 

wherein the combination of keys pressed by 
the thumbs determines the set of codes and characters 
generated by the keys struck by the fingers; and 

wherein the combination of keys pressed by 
the thumbs determines the assignments of the specific 
codes and characters to the specific finger keys 
which generate them when struck. 

4. A Minimum Proximal keyboard, as in Claim 3, 

comprising: 

a set of assignments of characters and 
codes to keys, including the lower case alphabet; a 
set of assignments of characters and codes to keys, 
including the upper case alphabet; a set of 
assignments of numerals to keys; a set of assignments 
of deletion codes or characters to keys; and a set of 
assignments of cursor motion control codes or 
characters to keys: 

wherein the 'space' character is assigned 
to the home position for the left forefinger for both 
the assignment sets containing alphabetic characters; 

wherein the 'cursor right by column' 
assignment is made to the home key of the left 
forefinger for the assignment set containing the 
cursor motion control characters and codes; 

wherein the 'delete character right' 
assignment is made to the home key of the left 
forefinger for the assignment set containing the 
deletion characters and codes; 

wherein the 'newline* character assignment 
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is made to the outer column key of the home row, 
struck by the right little finger, for "both the 
assignment sets containing alphabetic characters; 

wherein the 'enter* assignment is made to 
the outer column key of the home row for the 
assignment set containing the numerals; and 

wherein the assignments of the remaining 
characters and codes to sets and to finger keys is 
determined according to other criteria. 
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